ABSTRACT: Like many other cities in developing countries
INTRODUCTION
Dhaka is the capital and primal city of Bangladesh. It is dominant in terms of population concentration, economy, trade and commerce, education, and administration. Due to lack of proper planning and control over land use activities, people from all over the country rush to Dhaka and made it a horde of residential, commercial and business centers.
The rapid rise in population along with increased and versatile land use patterns and increase in motor vehicle ownership along with non-motorized vehicles on streets have resulted in enormous travel demand and traffic congestion in Dhaka, the Capital city of Bangladesh. The demographic trends of the last decade that have resulted in rapid population growth (8%) are expected to continue in the coming decades. The impact of such rapid growth has major consequences on the ability of the transport sector to provide mobility for all people as they seek to take advantage of employment, education, health and social opportunities (Hoque 2004 ).
Again, due to rapid growth of population in Dhaka, the projected trip generation per day for the next 20 years period is 159.63 million which is about 8 times higher than the current trip generation per day. For such a large city and huge travel demand, mass transit is a prerequisite for its transportation system. Present contribution of mass transit is only 31% of the passenger trips where as mass transit should share 80% of the total trips to provide an efficient transportation system (STP, 2004) . The existing bus system could not solve the transport problems of Dhaka city because now a days bus itself creates jam in different routes. So, it is inevitable to consider the improved mass transit system. Under this consideration, three BRT lines have been proposed in the recent approve Strategic Transport Planning (STP) to meet the future demand in Dhaka Metropolitan city. However, any comprehensive study has not been conducted on proposed BRT, either it can be directly implemented in the existing transport infrastructural and operational condition or not, either it is feasible or unfeasible. In this study an attempt has been made to observe the overall transport scenario of existing mass transit system and examine the feasibility of the introducing of proposed bus rapid transit (BRT) system on selected routes of Dhaka city.
BACKGROUND OF THE STUDY
In fact, Dhaka is perhaps the only city of its size without a well-organized, properly scheduled bus system or any type of mass rapid transit system. The transport modes in metropolitan Dhaka are classified in three major groups on the basis of type of operation and usage. These groups are private transport, para transit and mass transit. Para transit and mass transit together are also termed as urban public transport. Trends showed that growth rate for the low occupancy travel modes such as cars and cycle rickshaws, were much higher than that for high occupancy travel modes such as buses and mini buses. Rickshaw, which is an outdated mode of transport for a populous and fast growing metropolitan area, comprised about 53.3 percent of total vehicles. As a result, major share of road space remains occupied by the small capacity vehicles particularly NMT (70%) (STP, 2004) . Road spaces are also occupied by other than traffic such as dustbins, construction materials, hawkers, etc. and reduce the effective width of roadway. Haphazard uses of road with huge number of pedestrian activities (62%) become also a burning issue in this regard. There are no priority measures for bus on the road and bus is the only mass transit option in Dhaka. This transport situation consequently has increased traffic congestion, travel delay, and accident and deteriorating the accessibility, comfort, safety, operational efficiency and environment.
At present, passenger transport scenario of metropolitan Dhaka shows that the existing mass transport facilities is not sufficient to keep pace the growing demand. In addition, this service is inefficient, unproductive, and unsafe. Passengers are frequently facing long waiting time, delay on plying, over-crowding, lack of comfort, long walking distance between origin and nearest bus stops and as well as between bus stops and destination. Again, a well planned city should have 25% of total area for its road network where as in Dhaka; only 9% of total area is occupied by road (RMMS 2004) . Therefore, capacity of these roads with respect to the total demand of transport is much lower. The number of vehicles on the roads is steadily increasing where as the roads and the land available for building new roads are very limited. As the road facilities have not been developed in the same pace of population and size, the city is notorious for traffic jams everyday with the resultant effects of delay and concentrated vehicular emissions. Several attempts have been taken to improve the traffic situation of Dhaka city but they are fall in the category of short term management policies. To keep the city mobile and livable in future long term policies needs to be taken. Indeed, there is an urgent need to introduce a well-organized, properly scheduled rapid mass transit system like BRT, MRT to cope with the physical and infrastructural condition of the city network. But separate dedicated bus lanes must be provided in order to maintain desired travel speeds and on-time vehicle performance. Indeed, the land available for building new roads or scope of widening roads is very limited. However, it is still questionable whether the modern space efficient mass transit system particularly introduce of BRT is feasible or not for the present road network system viz. quantity, quality, orientation, functionality as well as land use and transport network structure of this city. Managing, redirecting and decongesting the traffic within the existing roads and space are indeed a challenging tasks. That is why; an extensive study is urgent required to the assessment of feasibility of bus rapid transit system in the context of present road network in Dhaka to find out suitable options for solving the problems to improve the transport situation in Dhaka Metropolitan city. This paper is a part of that extensive study in which tried to asses the feasibility of bus rapid transit system in the context of present road infrastructure and operational characteristics in Dhaka.
PREVAILING TRANSPORT AND TRAVELING SCENARIO IN DHAKA METROPOLITAN CITY
An assessment of the existing urban transport system of Dhaka revealed that it suffers from major constraints such as -fragmentation of organizational responsibility; inefficient regulatory frameworks; insufficient financial resources; poor allocation of road space; presence of too many low capacity and slow vehicles on major roads; poor traffic control, management and enforcement; underdeveloped public transport system; absence of adequate pedestrian facilities; poor linkage between land use planning and transport development and finally, lack of emphasis on environmentally sound and sustainable transport development.
Various surveys (STP 2004 , DITS 1994 , JBIC 2000 undertaken and their analysis revealed the following information about the city:
• The average household income in 2004 was Tk15,000 ($253) per month while 3½% of households was in the "high" income group exceeding Tk55,000 ($920) 
EXISTING MASS TRANSIT SYSTEM IN METROPOLITAN DHAKA
Existing mass transit system in metropolitan Dhaka is mainly characterized by large bus, mini bus and human hauler/auto-tempo. Bus and minibus routes tend to be concentrated along the limited number of arterial roads, in a generally north-south orientation. Human hauler routes are more dispersed, penetrating narrower roads, and include more east-west linkage.
Large Bus
Large buses are defined according to regulation as buses with more than 32 seats, but more generally large buses are considered to be ten (10) meters or more in length. The most significant recent change in the bus fleet composition is the increases in the number of large buses. This trend began with Sino Dipon in early 2003. They are now operating on four (4) routes with 105 buses. Green Express, which began operations in April 2004 with 20 buses, currently has 50 buses in operation on two (2) routes, and will shortly add 50 more buses. Beveco, commenced operation of 20 large buses on the Uttara to Motijheel route in August 2004. Dhaka Paribahan, a major mini bus operator in Dhaka, has recently improved 10 large CNG buses from China, which will likely be used to replace existing mini buses. All of these buses are running on CNG.
The BRTC, which operates under immunity from regulation by licensing authorities, owns a total of 306 buses operating on 15 routes in Dhaka. Of these, 203 are doubledecker buses (older Ashok Leyland and new Volvo) and the remainders are standard 12 meter single decker buses. BRTC does not actually operate the buses, but sub-contracts out the operations to private operators.
Mini Buses
Mini buses are defined as buses with 15 to 30 seat capacity, excluding the driver. Most mini buses are around 8 meters in length, with locally manufactured bodies and Isuzu, Hino or Tata chassis and engines. The number of mini buses has increased rapidly since 2000. Current numbers are imprecise, but various estimates indicate that around 5,000 mini buses are in operation in Dhaka, around 2,000 of which are operating without permits or in contravention of allocated routes.
Since April 2004, the Road Transport Committee (RTC) has resolved to limit the issuance and duration of new route permit of mini buses running on diesel fuel or under individual management. Although the permit system has only a limited relevance to the number of buses actually playing on the route, this change in policy approach appears to be having some effect, as new operators are beginning to use large buses.
Human Haulers/Auto-Tempo
Human haulers are 9 to 15 seated, generally in the form of a converted pickup truck with two benches added for passenger seating. Most have diesel engines, although some are petrol fueled and a small number have converted to CNG. A total of 1,609 route permits had been awarded to human haulers as of June 2004, operating on 45 routes.
Human haulers have been allowed to increase rapidly at the same time as the two-stoke auto-rickshaws were phased out, in order to help meet the demand for public transport. However, the government, through the Dhaka Road Transport Committee, is currently discouraging new human hauler route permit applications.
Use of Bus as Public Transit
An attitudinal questionnaire survey was made by STP in 2004 on public transport. In reply to a question on 'reasons for using bus as usual travel mode' respondents said they preferred bus journey because of various reasons. Almost 73% said it is cheaper, 69% said they don't have any other alternatives, 31% said it is more or less reliable, 21% said it save time, 26% said it is convenient and comfortable too and 22% said it is comparatively safer. Only 10% said that they take bus because they cannot use their car to get to their work place due to the problem of parking.
Average Trip Length, Travel Time, Speed and Carrying Capacity of Existing Mass
Transit System STP conducted a survey on Average trip length, Travel time, speed and carrying capacity of existing mass transit system and got the following scenario. 
Proposed Mass Rapid Transit (BRT+MRT) Route
To address the problems indicated above, the Government of Bangladesh (GOB), with financial support from the World Bank, undertook a comprehensive study on Strategic Transport Plan (STP) for Dhaka during (2004) (2005) (2006) ).
An analysis of travel forecast revealed that the level of transportation activity in 2024 would be about 2½ times the activity of 2004. Future transportation system would need to be designed for 1.3 million public transport trips and 3,00,000 vehicle trips.
To meet the future demand, the preferred strategy (modified-2b), included a blend of MRT and Bus Rapid Transit (BRT) together with a middle ground between the Roads++ and the Roads+++ packages.
Due to the lead-in time required for design, financing, appointment of an operating consortium and the construction period, it was proposed that the BRT lines move ahead in the early years whilst the Metro system is being developed. In all 3-BRT and 3-MRT routes were recommended and details are as follows.
BRT Line 1:
This BRT line is planned to serve the eastern corridor between Uttara and Saidabad Bus Terminal. The main route is based on Pragati Sarani and DIT Road.
BRT Line 2:
This BRT line is planned to serve the western corridor and runs between Gabtali and Saidabad Terminal. Primarily it is based on Mirpur Road and then crosses over to Zahir Raihan Sharani Road.
BRT Line 3:
This BRT line is planned to serve the central corridor and runs between the International Airport and the Old City. Primarily it is based on Airport Road, Shaheed Tazuddin Road and the Ramna Area.
MRT Line 4:
This Metro Line 4 is planned to serve the central corridor connecting the north (Uttara) and the International Airport with Saidabad Bus Terminal. It is based on the use of the existing railway corridor.
MRT Line 5:
This Metro Line 5 is planned as a continuous loop serving the high density residential areas of Gulshan, Dhanmondi and Mirpur and the developing areas to the west of the Cantonment Area. In addition it is planned to provide two good eastwest connections across the city spaced some 4 kilometres apart. The alignment is also planned to connect other elements of the transit system and interfaces with BRT Lines 1, 2 and 3 and Metro Lines 4 and 6.
MRT Line 6:
This MRT line is planned to provide a connection between the developing areas to the west of the Cantonment Area and the central area and Saidabad Bus Terminus. The alignment is based on Begum Rokeya Sarani, Sonargaon Road and Zahir Raihan Sharani, Commencing in Pallabi 
ASSESSMENT OF FEASIBILITY OF PROPOSED BRT AS AN ALTERNATIVE MASS TRANSIT OPTION Development and Practices of BRT in the World
The first wide-scale development of the BRTs started in Curitiba (Brazil) in 1974, although there were several smaller-scale projects prior to its development. Since then, Curitiba's experience has inspired other cities to develop similar systems. In the 1970s, development of BRT systems was limited to the North and South American continent. In the late 1990s, the replication of the BRT concept gained momentum and BRT systems were opened in Quito, Equador (1996) , Los Angeles, USA (1999) and Bogotá, Columbia (2000) . Especially, the TransMilenio project in Bogotá started operation in 2000 and its success drew attention from the world community as an example of the state of the art in BRT systems (Xu 2005) .
The spread of BRT in Asia has become more conspicuous since 2004. In 2004, the TransJakarta busway was started along through the city centre (Hook and Ernst 2005 (Liu 2006 ).
Requirements of Bus Rapid Transit (BRT)
Bus Rapid Transit is high-quality, customer orientated transit that delivers fast, comfortable and low-cost urban mobility. BRT systems have some or all of the following elements; many of these can also make a valuable contribution to improving regular bus services.
• Dedicated bus corridors with strong physical separation from other traffic lanes.
• Modern bus stops that are more like bus 'stations', with pre-board ticketing and comfortable waiting facilities.
• Large, high-capacity, comfortable buses, preferably low-emission.
• Bus prioritization at intersections, either as signal priority or physical avoidance (e.g. underpasses).
• Coordination with operators of smaller buses and Para transit vehicles to create new feeder services to the bus station.
• Integrated ticketing that allows free transfers, if possible across transit companies and modes (bus, tram, metro).
• Use of GPS or other locator technologies with a central control area that manages bus location at all times and facilitates rapid reaction to problems.
• Real-time information displays on expected bus arrival times.
• Good station access for taxis, pedestrians and cyclists, and adequate storage facilities for bikes.
• New regimes for bus licensing, regulation and compensation of operators.
• Land-use reform to encourage higher densities close to BRT stations.
• Park and ride lots for stations outside the urban core.
Compared with regular bus services, BRT offers higher speed, higher frequencies, better information and more comfort. BRT is a concept which covers infrastructure, vehicles, urban design and management (Wright 2002) .
Advantages of Bus Rapid Transit (BRT)
High Capacity -The passenger capacity of a bi-articulated bus is 250 and even more in double bi-articulated bus. Though average boarding of passenger in large bus and double decker bus 89.6 and 100.76 respectively (Table: 1), the average passenger capacity is 51 in single decker bus, 5 times less than the bi-articulated bus.
Higher Speed -From the table 1 it is found that the average speed of large and double decker buses are 13.7 and 17.22 km/hr respectively (Table: 1), whereas average operating speed of BRT is 25 km/hr.
Reduce Boarding Time -Boarding time per person of the existing buses is 40 times greater than that of BRT system. It is because that in existing bus a passenger has to climb against vertical steps where a passenger simply walks in the step less BRT bus (Rahman 2008 ).
Less travel time -A significant amount of times would be saved due to convenience and easy way of boarding and alighting to BRT. As such it is manifest that the travel time can be reduced significantly by introducing BRT. It is also evident that the BRT system is 20 times faster than the existing bus service in considering average boarding and alighting time (Rahman 2008) .
Decrease Delay of Intersection -Intersection is the most critical part of the road network and significant delay occurs in every intersection particularly in mix mode operation like Dhaka. From a study on Uttara to Motijheel route, it is found that there are 8 critical intersections where, the total delay time on these intersections vary from 25 to 60 minutes, 42.5 minute on in average in the peak hour especially evening peak hour (Rahman 2008 ). BRT would not face this problem due to signal priority, holds the potential to reduce a significant source of delay in bus operations.
Increased ridership -BRT systems have been shown to attract choice ridership and increase total corridor ridership. As much as one-third of BRT riders have been shown to previously use private automobiles. Corridor ridership gains of 20 to 96 percent have also been recorded.
Improved capital cost-effectiveness -BRT systems can use less costly or existing infrastructure compared to other rapid transit modes. BRT can also reduce fleet requirements with better vehicle utilization.
Improved operating cost-efficiency -Indicators of operating efficiency such as passengers per revenue hour, subsidy per passenger mile and subsidy per passenger can improve when BRT service is introduced to a corridor.
Improved environmental quality -By attracting choice riders and using advanced vehicles with cleaner propulsion systems and emissions controls, BRT may improve air quality, noise level and help reduce overall congestion.
Transit-supportive land development -Investments in BRT infrastructure and related streetscape improvements may result in positive development effects much like other high-quality transit modes.
CONFLICTING ISSUES FOR IMPLEMENTING BRT
In spite of having huge benefit and large potentials, there are so many conflicting and constraining issues on the existing transport system of the city, which directly conflict the implementation of the proposed Bus Rapid Transit BRT successfully. These issues not only creates question on its feasibility but also possibility at all. In the following section, some of the associated implementation difficulties are explored. According to the Figure 1 , minimum road with is required for BRT station with overtaking road is 37 meter, followed by BRT station without overtaking road is 28 meter and BRT runway 1 lane per direction is 25 meter. But, space along the entire route is not sufficient and it is highly difficult to expand or acquire land for the expansion of the road space in the proposed road segment.
Insufficient Road Width
The following table is presented to show the existing roadway width of different segment of the route, the required road width for BRT runway and the adequacy of the roadway width. Table 2 represents that in route A (Uttara to Saidabad), Mouchak to malibagh more is the most unfit section for BRT in which minimum 4 meter widening is required for runway only and for station al least 7.0 meter widening needed. Also, at least 2 meter widening is need for runway and 5 meter for station. Route B (Gabtoli to Saidabad) is more unfit in respect of road width than route B. There has not any segment in which BRT station with overtaking road can be provided in the existing road space. Indeed, in the entire route, only Mirpur road has the such space in which only BRT station without overtaking lane can be provided. To provide minimum one lane per direction, 3 to 7 meters road widening is needed and for station facility, at least 8 to 12 meters widening is essential in the entire road segment except Mirpur road. 
Insufficient Space for BRT Station
BRT station location and spacing are primarily in the realm of operations planning because they strongly influence operating speeds. Figure 1 shows 37 m is sufficient for a BRT station, bus lanes, 2 lanes for mixed traffic and non motorized vehicles, and a 4 m pedestrian walkway, 28m is sufficient without overtaking lane.
The location of the existing ticket counters may provide a good indicator for possible BRT station locations. From the table 2, it is observed that most of the location of existing road, BRT stations could be placed without widening of the road width.
Though, route A is the best position in respect to road width, for providing station at Mouchack at least 7 m road widening is needed and only for runway at least 4 m widening is needed. But, The road side land is used mainly for commercial purpose; furthermore the land is occupied by multi storied markets i.e. heavily built-up area as such there is minimum road widening scope. For the case of other route, there has several spot in which extensive amount of road widening is needed to provide station for BRT.
Uncontrolled and Excessive Access Road
Uncontrolled access is one of the major operational problem in Dhaka Metropolitan City. Table 2 shows that number of per kilometer access in side by side in major three road of Dhaka city in which the BRT is proposed. Source: Field Survey From the Table 3 , it is found that in DIT and Mipur road almost one access road per 100 meter in each direction and in Airport road difference between two access roads is 200 meter. All of the accesses are directly connect with the main road. Besides this access road there are huge opening on the main road by which adjacent abating property are connected frequently. This huge number of uncontrolled access directly conflict with the present mass transit operation and obviously will conflict with the BRT system.
Huge Pedestrian Movement
Walking is a commonly used mode of transport in Dhaka. While the proportion of trips that are made by walking is substantial and, for some people walking is a matter of choice and convenience, the reality is that for many people, walking is a matter of economic necessity.
According to the estimation of STP, pedestrian volumes of 10,000 to 20,000 per day are common and reach as high as 30,000 to 50,000 per day in the Old City area. This huge number of pedestrians are walking along the road, most of the case instead of footpath for illegal occupation and randomly crossing the road here and there. For safe and efficient movement of BRT, sufficient walking and grade separated crossing facilities musht be provided and proper use would be ensured. Obviously, at grade crossing of the pedestrian must be controlled, particularly in link of the road. Indeed, it is a great challenge to provide sufficient grade separated facilities for such gigantic number of pedestrians and to ensure proper use for BRT implementation of the city network.
Huge Number of Bus Operators
The non-scheduled and scheduled buses are owned by a large number of operators in Dhaka city. According to BRTA, 2007, 57.6 % buses are owned by individuals. There are many operators who have only 1 bus, even one single bus is owned by different owners. Some operators i.e. Winner, Bevco, Ababil, Duldul own 15 to 40 buses.
From the study of Hossain (2003) it can be observed that five company-shape operators including public sector BRTC and about six hundred small entrepreneurs are operating bus services in Dhaka city with varying degree of service quality and fare. Again, the number of rickshaw and auto rickshaw operators would be numerous. It is very understandable these numerous operators cannot work towards a common goal of good public transport system rather this aspect has led to the present condition of indiscipline and mismanagement in this sector. Therefore, this numerous operators may stands against this BRT operation.
Road and roadside hazards
Most of the roads are not fully used by traffic. Presence of dustbin on roads is very common in Dhaka city. This significantly reduces the effective road width for traffic use. Road spaces are also occupied by hawkers and retailer traders. In many places, construction materials for building are placed on the road. These cause reduction in effective road width and make the road unsafe for vehicles. Again, on-street parking also reduces road spaces and hinders smooth flow of traffic.
Unorganized and Non-Integrated Road Network
During last twenty to thirty years, significant road development has been taken place to cope with sudden transformation of the city from provincial town to the capital of a sovereign country. But most of the transport developments have been driven by ad hoc considerations having no explicit focus on analysis of existing demand or future requirements. As a result, the road network of the city is not organized and integrated in terms of connectivity. Many strategic links are missing in the network and many areas have inadequate accessibility to it. This also poses a serious problem to provide other network infrastructures for utility services.
Mixed Operation in Major Roads of the Proposed Route
Road network of Dhaka city is characterized by mix traffic system. All types of vehicles, both motorized and non-motorized vehicles are in operation on each and every road, except some NMT restricted routes like airport road. Where, all types of vehicles are played on the road, majority of road spaces occupied by rickshaw. Because of the presence of non-motorized vehicles, travel speed is significantly reduced for motorized vehicles and a huge congestion occurred. Even where non-motorized vehicles are restricted, the majority of road space is occupied by three wheeler vehicles. From this chaotic situation, it is highly difficult of separate lane of BRT only.
Turning Difficulties of BRT Bus
BRT system use large capacity articulated bus to enhance the passenger capacity. Found almost exclusively in public transportation use, these buses are approximately 18 m (60 ft), while regular buses are 11 to 14 m (35-45 ft). To make them nimble enough to safely navigate streets at their increased length, they are fitted with an extra axle (set of wheels) and a joint usually located slightly behind the midpoint of the bus, behind the second axle. Some models of articulated buses have a steering arrangement on the rearmost axle which turns slightly in opposition to the front steering axle, which allows the vehicle to negotiate turns in a somewhat crab-like fashion, an arrangement similar to that used on long hook-and-ladder fire trucks operating in city environments. Some buses have two joints, and these are called bi-articulated. Traditionally, BRT vehicles have been conventional 40-foot or 60-foot diesel powered articulated bus. Minimum turning radius varies by system, but can be as low as 35.1 feet, for 35-foot buses (Rahman, 2008) .
In the many intersection of the proposed routes, the minimum requirements of turning radius of BRT bus can not be attained in this present available road width. So, land acquisition, in the form of corner widening, is essential as well as customized BRT bus such as bi-articulated bus or even tri-articulated (as shown in following photograph) bus can be considered for reducing these turning difficulties otherwise the desired speed and capacity of BRT will not be gained. But, frightening situation is that, most of the intersection has not sufficient space for corner widening as most of the corner point are highly built-up.
Lack of Traffic Signal
In Dhaka City, there are so many opening where has not any traffic signal, particularly in the proposed route. Only in the route A (Uttara to Motijheel) there are 26 small openings in the route which has no traffic signal system. In these locations traffic signal should be installed so that BRT can get the uninterrupted movement throughout the entire section by providing signal priority as well as exclusive right of way.
Unacceptable Railway level Crossings
Almost 18 (eighteen) railway level crossing run through the Dhaka city (3 crossing in the proposed route) creating interruption during passage of train on both side of rail gates for an average of 4 (four) hours in each day. Suspension of traffic flow due to closer of rail gates serves to compound the prevailing chaos. Everyday 52 outgoing and incoming train pass through the level crossing in the city, out of which 40 trains operate between 8 am to 10 pm. A period of 10 minutes of average is required to give a train its passage at each level crossing, creating convergence, with its fall out effects spreading all over the city.
Lack of Passenger Information
Passenger information, in terms of route maps, schedules, or service time coverage, is virtually non-existent. Furthermore, most buses are not identified by route number. Some are identified with display boards showing the origin and destination of the route. However, passengers rely either on familiarity with the route, or on the instructions shouted out by the bus conductor/helper while the bus slows down or stops at bus stop.
Besides this, deficient or improper land use patter, poor maintenance and surface condition of roads, deficient and improper place of bus terminal, less productive intersections, non-coordinated transport system , poor interface provisions directly conflict with the introduce of the BRT system.
RECOMMANDATIONS FOR IMPROVEMENT
To cope with the existing demand and to get relief from the deficiencies mentioned above, integrated and holistic measures should be taken encompassing with different sectors related to Dhaka transport system. It is evident that the existing bus system could not solve the existing problem of Dhaka city since bus itself creates jam in the different routes. A number of transit options are available to communities to help address growing traffic congestion. One such option is Bus Rapid Transit. Bus Rapid Transit is an emerging approach to using buses as an improved high speed transit system. Based on the findings of the former chapters, recommendations have been made to establish BRT system in the area under concern. For the successful implementation of BRT system, the following considerations should be emphasized:
Short Term Measures
• Proper and satisfactory use of all of the road spaces should be ensured by reclaiming road space which are currently occupied by uses other than traffic.
In the process, road side hazards should be managed and NMT (rickshaws, etc.) should be banned from all major roads to achieve faster movement of vehicles leading to higher productivity.
• The widening of road is essential especially at some segment of road and station location. Moreover, the road side land is still developing rapidly. Which essentially implies that the opportunity of introducing BRT system is getting difficult day be day As such, it is very urgent to consider the implementation of BRT otherwise it will be more difficult to implement in the near future and lead to adapt the most costly Metro system.
• In order to facilitate smooth turning, the existing intersections will have to be redesigned and reconstructed to support the efficient operation of BRT vehicles.
• As the implementation of BRT system will eliminate the other bus services including non-motorized vehicles on some portion of BRT routes due to the space unavailability, non-motorized traffic management should be improved to make the BRT system a successful one. Because of their elimination form major roads, a high volume of NMT will gather on feeder roads. So the route network planning of BRT should be such that passenger will use NMT to reach the bus stop from their household through the feeder roads. The major intersections should be kept free from non-motorized vehicles. For the relocation of it, further details study is required.
• Restructure the bus operations from a large number of small and individual operators into a smaller number of large operators. In order to bring efficiency in the existing public transport system, there is a need to merge fragmented bus owners into cooperatives, to facilitate introduction of bus route franchising system.
• Encourage consolidation of the industry into larger operating units which operate under a company rather than an individual basis. This will ensure regular movement of buses and pick up passengers from the predefined bus stoppages and no competition for getting passengers. Buses that are operated under a company, wages are paid to driver in monthly basis rather than contact basis. So, drivers will feel more secured themselves and drive their buses safely.
• Government should give subsidy if the buses are owned by a company, so that they are able to maintain a bus dipo for garaging their buses. This will reduce garaging the bus on the road and ensure through movement of other vehicles.
• Buses may be owned by government and opened to share market. If the shares are taken by public then automatically sympathy will be gained for the bus since they will think it as their own property.
• Efficient pedestrian movement is the pre-condition of BRT system. So, comfortable pedestrian movement should be ensured prior to the implementation of BRT system. Footpaths have to be constructed on a basis of survey and demand analysis. Barrier will be provided on medians to control pedestrian crossing here and there.
• Restrict on-street parking that will ensure through movement of traffic without getting hinder by parking vehicles. Therefore, off-street parking needs to be created and at the same time restriction on on-street parking should be strictly enforced for certain periods of the day , and on certain days of the week.
• Considering that substantial number of people use "walking", as a mode, emphasis should be given to develop required pedestrian facilities in terms of footpaths, zebra crossing and foot over-bridges, to make walking more safe and interesting.
• Improve the intersections such as appropriate signal time with demand basis, chanelization of intersections, signalized crossing facilities for pedestrian etc. so that they perform better.
Long Term Measures
• Alternative routes should be facilitated by constructing some of the east-west missing link to provide continuous connectivity with east part to west part of the city and to distribute traffic in all direction particularly high occupancy vehicles like BRT.
• Construction of a few fly-overs across major railway level crossing, namely at Kuril, Moghbazar and Mouchak level-crossings.
• In order to improve the regional highways, depending on traffic volume, private sector could be invited for developing toll based limited access highways together with toll free service roads, using the existing RHD's right of ways (ROW).
• Provision of bus priority measures such as segregated bus lane, bus only routes, bus-lay at bus stoppage to pick up and discharge of passengers.
• Programs for behavior modification include public education and training, together with enforcements and sanctions.
• High occupancy vehicle like Bus rapid transit (BRT) and commuter train service should be introduced to recover the existing demand and near future demand.
• Travel demand or exposure should be controlled by increasing ICT or telecommunications facilities. The development of telecommunication infrastructure should be given extra attention and take necessary steps to make it accessible to mass public.
• Finally it is recommended that keeping in view the rapid growth of urbanization in Bangladesh, Government should work out a long term plan to develop large capacity rail based mass transit system (monorail and underground railway) along high-density corridors in major urban areas, with priority action in the context of Dhaka.
CONCLUDING REMARKS
Inadequate road infrastructure, lack of traffic policy and management practices, absence of a dependable public transport system along with somewhat uncontrolled manner of land use development have resulted a chaotic traffic situation in Dhaka. The existing bus system could not solve the transport problems of Dhaka city because now a days bus itself creates jam in different routes. It is a well established fact that adequate and efficient mass transit service plays an important role in combating the ever-worsening problems of traffic congestion and improving safety within urban areas. Various approaches should be examined and could be applied to overcome the deficiencies in existing mass transit system in major cities of Bangladesh. Indeed, augmentation of improved and modern mass transit system like BRT is an urgent requirement to ensure mobility need, safe, efficient and comfort movement and livable urban environment for the Dhaka city in future. So it is inevitable to consider the improved mass transit system. BRT has great potentials to solve the existing problems of Dhaka city but it can not be directly implemented in Dhaka. The widening of road, intersection improvement, road side hazard management, providing sufficient pedestrian crossing and walking facilities is essential in entire proposed route, especially at some BRT stations location.
In longer term, rail based rather than road based mass transit system (metro, monorail) seems to be more appropriate with desired service quality of trip makers of Dhaka. The urgent issues like prevailing socio-economic context, the deteriorating environment of Dhaka, serious urban road accident situation, scarcity of road space, population relocation, and future adaptability have been stressed for the introduction of a dependable mass transit system. Detailed study for the introduction of BRT, MRT have been suggested given due emphasis on urban dewllers' characteristics, land use patterns, economic aspects of construction, traffic capacity, route selection and technical characteristics.
